129 I concentration levels in uranium deposits are not well investigated for the purpose of studying the potential influence of uranium mine on surrounding surface environment. This work presents the concentrations of 127 I, 129 I, and uranium in ore and soil samples from a uranium deposit in northwest China. 129 I concentration is 110 × 10 5 atoms/g in the ore sample, while the concentration is two orders of magnitude lower than the level of 129 I found in the soil sample collected in the deposit. A significant in-situ enrichment of 129 I is found in the ore based on an estimation from 129 I/U ratio, which is likely attributed to strong absorption of iodine onto iron and manganese oxides. 129 I concentrations in the soil samples outside the deposit area were comparable to that in ore sample, but 2-3 orders of magnitude greater than the soil sample collected from the deposit. The results show that 129 I in the surrounding surface environment is not related to the uranium deposit and suggest that 129 I in this studied area has other artificial sources.
Introduction
The long-lived radioactive 129 I (half-life of 15.7 million years) is produced by nature mainly through fission of uranium in the Earth and reaction of cosmic rays with xenon in the air, and by human nuclear activity through fission of uranium and plutonium [1] . Early in the 1980s, the studies on naturally produced 129 I in uranium ores have been conducted for the purposes of studying the mobility behavior of this fission product in the lithosphere and the effectiveness of rock in retaining 129 I over long time periods, as well as accurately estimating 129 I production rate [2] . Since the considerably increased anthropogenic 129 I in the environment has rapidly dominated since the nuclear era, numerous investigations have been carried out on the environmental influence and transport process of the artificial part.
In the process of mining, refining and close-up, uranium deposits not only cause heavy metal contamination similar to other general mines, but also result in radioactivity and radiation hazards, in particular from uranium tailings. Due to its long half-life, 129 I has no significant radiological hazards, however, the previous work has reported that 129 I content in ores with high concentration of uranium can reach up to 10 9 atoms/g. This obviously exceeds 129 I levels as presented in surface soils from Xi'an, China, and even close to the level after the Fukushima accident [3, 4] . Because of natural weathering and mining activities leading to leachout of iodine from rocks, it is worth to learn about whether uranium ores have potential influences on the environmental 129 I level. Furthermore, the possible migration of iodine from the mineral may provide valuable information on the origins and properties of the geological context [5] .
This work aims to preliminarily investigate natural produced 129 I in ore and soil samples from a uranium deposit in northwest China, compared to 129 I levels in surrounding surface soils, and to discuss the potential influence of uranium deposit on environmental 129 I levels.
Experimental
The ore and soil samples were collected from a uranium deposit in northwest China on 3rd July, 2017. The ore sample were taken from an outcrop of the uranium ore deposit, 2.38 km from the mine area. The ore-bearing rocks, with age of about 400 Myr, are mainly coarse porphyritic soda metasomatite type and little soda metasomatic diorite. The surface soil sample (0-20 cm depth) were taken near a country road, 2.39 km from the uranium mine, and 1.1 km from the ore sampling site (Fig. 1 ). The investigated area with rare rainfall is located in the inland arid zone, and high in the west and low in the east.
Measurement of 127 I and 129 I
After naturally drying to reach a constant weight, grounding and sieving through 200-mesh sieve, the samples were analyzed for iodine and uranium isotopes. Determination of iodine isotopes was performed by high temperature combustion and mass spectrometry measurements. 20 g soil and 30 g ore were weighted into quartz boats, and 5 kBq of 125 I was added to each sample as a chemical yield tracer. Iodine in the sample was separated from the matrix by combusting at 800 °C under oxygen atmosphere in a four-tube Pyrolyser furnace, and trapped in a mixed solution of 0.4 mol/L NaOH and 0.02 mol/L NaHSO 3 . An aliquot of 1 mL trap solution was taken for determination of stable iodine ( 127 I) using inductively coupled plasma mass spectrometry (ICP-MS, Agilent 8800, USA). Iodine in the remained trap solution was further separated by AgI-AgCl coprecipitate after addition of a certain amount of chloride and AgNO 3 solution. The detailed chemical procedure has been reported elsewhere [6] . The prepared AgI-AgCl precipitate was dried and mixed with niobium powder (325 mesh, Alfa Aesar, USA) for measurement of 129 I using accelerator mass spectrometry (AMS, HVEE 3 MV, the Netherland) in Xi'an AMS Center.
Measurement of uranium
Uranium was separated from the samples by acid digestion and measured by ICP-MS. 0.1 g ore or soil sample was weighed into a Teflon crucible, added with 10 mL concentrated HNO 3 , 10 mL concentrated HF and 5 mL concentrated HClO 4 , and placed onto a hotplate at 180 °C to decompose the sample. The sample was digested for 15-25 h until the mixture was clear and no solid residue was left. HF must be completely removed by adding concentrated HNO 3 and evaporating again to prevent damage in ICP-MS system. Then the digested solution was evaporated to near dryness, transferred into centrifuge tube and diluted to 45 mL with 3% HNO 3 (v/v) for determination of uranium. The procedural blank without sample was prepared following the same steps as the sample. 
Results and discussion

Level of iodine isotopes and uranium in ore sample
The results of iodine isotopes and uranium in ore and soil from the uranium deposit are listed in Tables 1 and  2 . The contents of 129 I and uranium in the ore sample are 110 × 10 5 atoms/g and 0.460 mg/g, respectively, resulting an 129 I/ 238 U atomic ratio of 95 × 10 −13 . These results are compared with the reported values in other uranium deposits [2, 5, 7] (Table 1 ). The highly scatted 129 I concentrations are closely dependent on the age of uranium deposits and uranium concentrations. 127 I in the uranium ore was 0.10 μg/g, which is a typically low value in igneous rock due to degassing during the ore-forming process [8, 9] . The 129 I/ 127 I atomic ratio in the uranium ore sample is 226 × 10 −10 .
In-situ production of 129 I in the uranium deposit
In-situ production of 129 I can be accomplished through spontaneous fission of 238 U and neutron-induced fission of 235 U. According to the simplified model from Fabryka-Martin et al. [2] , the equilibrium of 129 I/U atomic ratio was estimated to be 6.7 × 10 −13 , fourteen times less than the measured value of 95 × 10 −13 , reflecting a considerable enrichment of 129 I in the studied uranium deposit ( Table 1 ). The enrichment of 129 I relative to U in uranium deposits has also been reported in zones of relatively recent U deposition under slightly oxidizing conditions in Australia, which was attributed to sorption of iodine isotopes onto Fe oxide or clay surfaces [2] . Whereas, deplete of 129 I was more frequently found in uranium deposit, which can be explained with weathering of groundwater and preferential loss of iodine relative to uranium [5, 7] . This studied ore body was closely spatially-temporally connected to the developed basite, the latter of which provides part of space for the uranium precipitation and enrichment [10] . The mean contents of Fe 2 O 3 , FeO and MnO are 5.19%, 4.22% and 0.14% in the basite, respectively [10] , which likely provides favorably sufficient sorption sites for in-situ produced radioactive iodine.
I distribution in surface soils around the uranium deposit
The concentrations of iodine isotopes in the soil sample collected from the uranium deposit were 2.40 μg/g and 1.35 × 10 5 atoms/g for 127 I and 129 I, respectively ( Table 2) . 129 I/ 127 I ratio was 0.12 × 10 −10 in this soil, which was apparently 1-2 orders of magnitude lower than those observed in surface soils from Xi'an, China [3] . The low level of 129 I in the soil from the deposit likely reflects that 129 I in this soil mainly originated from local rock weathering, during which process iodine was prone to loss, while uranium was remained in the soil. This conclusion is supported by the relatively high uranium concentration of 8.03 μg/g in the soil. In addition, the deeper sampling depth of 0-20 cm for the soil could be a minor reason for the low 129 I level.
Levels of 129 I have been previously reported in the area within 150 km from the uranium deposit, ranging from 153 × 10 5 atoms/g to 1586 × 10 5 atoms/g, with a mean value of 885 × 10 5 atoms/g ( Table 2 ) [11] , which were significantly greater than that of the soil sample from the deposit. Even though 129 I concentrations in the soils from upwind areas were slightly lower than the downwind areas, there was no obvious difference between them, and the level of 129 I did not show any declining trend with the increasing distance from the uranium deposit (Fig. 2) . These results suggest that the in-situ production of 129 I from uranium deposit was not a major contributor to the surrounding soils. Anthropogenic 129 I from global fallout of atmospheric nuclear weapon testing, nuclear accidents and nuclear fuel reprocessing are dominant sources of 129 I in the soil samples collected outside the uranium deposit.
Although uranium deposit would not have influence on 129 I levels in surface soils, the long-term piling-up of tailing in open air can release high content of uranium through weathering and rainfall leaching, resulting in uranium contamination in the surrounding areas. Since chemical properties of iodine is very active, it is more prone to be leached out than uranium. Zhang et al. have explored uranium contamination features in soil profiles in vicinity of a tailing in southern China, and showed mean input fluxes of external uranium were 4840, 86.7 and 20.5 μg/g for distance of 50 m, 100 m and 180 m away from the tailing dump, respectively [12] . Supposing 1000 μg/g and 100 μg/g for uranium input flux in near and far sites, respectively and taking 129 I/U atomic ratio of 95 × 10 −13 measured in this work, the amount of in situ production 129 I can be estimated to be 240 × 10 5 atoms/g and 24 × 10 5 atoms/g, respectively.
These only contribute about 27% and less than 3% of the total 129 I in the surrounding soils with a mean of 885 × 10 5 atoms/g in near and far sites, respectively, whereas in the areas beyond 20 km, the naturally production of 129 I can be undoubtedly negligible. In addition, it is necessary to make more thorough investigation for the artificial source of 129 I in northwest China based on more samples.
Conclusions
This study preliminarily reports 129 I levels in ore and soil samples from a uranium deposit in northwest China, and also compare these results with the surrounding surface soils. Concentration of 129 I in the ore sample is 110 × 10 5 atoms/g, two orders of magnitude greater than the soil from the deposit. Relative to the equilibrated 129 I/U atomic ratio estimated from a simplified model, the significantly higher 129 I/U atomic ratio in the ore sample suggests 129 I was enriched in the uranium ore, likely due to the presence of iron-manganese oxides in the ore body. However, the soil from the deposit contains considerably low 129 I content, which might be related to local weathering. Combining with the previously reported 129 I data in the soils with distance of 26 km to 125 km from the uranium deposit, the results indicate that the uranium deposit, including the tailings if exist, has limited contribution on 129 I level in the surrounding surface environment beyond 20 km, since artificial 129 I discharges are major sources in the soils outside the deposit. 
